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SYSTEMS AND METHODS FOR FORM NG METAL OXI DES

ALCOHOLS FI ELD OF THE I NVENTI ON This invention rel ates
to nethods of form ng a netal oxide |ayer on a
substrate using one or nore al cohols and one or nore
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deposi tion process. The precursor conpounds and

nmet hods are particularly suitable for the formation of
a nmetal oxide layers on sem conductor substrates or
substrate assenblies. BACKGROUND OF THE | NVENTI ON 15
The conti nuous shrinkage of m croel ectroni c devices
such as capacitors and gates over the years has |ed
to a situation where the materials traditionally used

in i MeYENSHNDMETHODE FORGORYING MEBM OXIBES ng t hei r
performance |imts.ysiRid ACGOROILE- . doped pol ysilicon)
has generally been the substrate of choice, and

silicon dioxide (SiO has frequently been used as the

di el ectric nmater ipgty o RaBOreENTIO/N t 0 construct
m croel ectroni c devi ces. However, when the Si Q2 | ayer

i's  thinewotien platshiomethods of formingaprstal exidtlasnpne 4 or 5
MRLIRGAE Bz onéSr thote SE6h0L 8A dnb of MGte mEGIERinHoC! O

devi ces, the |ayer no |longer effectively péerforns as
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materjals are needed to extend device 25 perfornmance.
SpEie e semiconsdueter ubstraiens sulsirae wsamblips- permittivity,
barrier height to prevent tunneling, stability in
direct contact with silicon interface

and good
quality and fBﬁﬁgﬁ@WEﬁﬁ?gﬁyHEﬁWW@%@pﬁbre, such
mat er i BeSoriSdus Qﬁinkéégﬁ oPRlchdBlerotc dbvided Suclat @padRbLT | al

el ectrodes, sem conductor processing tenperatures,
2t B Pyt the geardinsiled fognsituation whire the matsrials (aditignllyoxi de
f fubddBn el akcfit tehfolbaRire &fprdachity thilr pefidROnee 1RRH. YSZ

d§5§3i ed_on semn conductor wafers have recently gai ned
i PEHSPR&E- qopsd Rebigilicen) hasegmsrally beep the qubstrefe phpiee, pthdom

agiesnSt iwgﬂlmenﬂgyéeﬁ 8%d aShAlibICctASmie Wk y 2007
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( SRy v CraicroglRgiropis dp s clawaver, Whsrrsho SIQAERAlY)
d G @)1 nml(NE.SEhI¥RISY df3hI§ 402Y RoBbeH), &M i§HQGE] 1hthe
constants .and therefore are_ .
newest micro devices, the layer no longer effectively performs as an insulator
due to the tunneling current running through it.

- Thus, new high dielectric constant materials are needed to extend device

- performance. Such materials need to demonstrate high permittivity, barrier

height to prevent funneling, stability in direct contact with silicon, and good
interface quality and film morphology. Furthermore, such materials must be
compatible with the gate material, electrodes, semiconductor processing
temperatures, and operating conditions.

High quality thin oxide films of metals, such as ZrQ,, HfO,, AL,0,, and
YSZ deposited on semiconductor wafers have recently gained interest for use in

memories (e.g., dynamic random access memory (DRAM) devices, static




attractive as replacenents in nenories for Si %Oéel%ere
very thin layers are required. These netal o ruary 2007
| ayers are thernodynam cally stable in the presence

of silicon, mnimzing silicon oxidation upon thernal
anneal i ng, and appear to 5 be conpatible with netal

wambaenebect r odes. Specifically, for gate péirebRelndas,

La2031 Hf 02, and ZrQ2 are al so prom sing as they
possess relatively high values for permttivity and
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reactive netal ursor compounds wi th an oxygen
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C i i r [ [nterfacial
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ant¥ch depgaifion pracesses\haysoncludlepuapint deposition,oneed thesnal Ri t al a et

al oxidatidt Q1 i &4 O] Thin. Filnms with
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al koxi'de, serving as both a netal source and an”oxygen
s G thicknospepc sybsjipte hButayapsr Hepositient moceserppetiginsdeh as a
MRheo-r &R d osit a_ _metal
TRl deraci b kBl ShopbBaC TROS oy s
siSPGhes pxyEw e avafer pither ohichoapeanse formtiesifraiidesiabik or i ne

r 650, d4 | A%sh t _.Zl rconi um
and ha%cﬁgﬁlk&ﬁg’t&gf @%enereé{#go %ﬁégﬁ?ﬁg glr%}id not

c Gyesn-Epayapyr depogisipn pibtesses. They woul d al so |i kel y | eave
car bongih, & he t ' i en ti nual
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conpaounds that can forma thin, hi R qual Tty oxide

| aeride, ppaYing asbpth e mptabspusce ensdrn ouyeeusuee, Teubstithat e usi ng
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metal oxide on silicon without creating an interfacial silicon oxide layer.
However, undesirable chlorine residues can also be formed. Furthermore,
zirconium and hafnium alkyls are generally unstable and not commercially
available. They would also likely leave carbon in the resulta.ﬁt films.

Despite these continual improvements in semiconductor dielectric layers,
.there remains a need for a vapor deposition process utilizing sufficiently volatile

metal precursor compounds that can form a thin, high quality oxide layer,

- particularly on a semiconductor substrate using a vapor deposition process.




Thi s invention provides nethods of vapor deposigtlge%gua%zom

nmetal oxide |ayer on a substrate. These vapor
deposition nmethods involve form ng the |ayer by

conmbi ning one or nore al cohols with one or nore netal
or gano- am ne precursor conpounds (e.g., alkylam nes
or al kyl i m nes-al kyl anunes) and/or netal alkyl
precursor co , g0 £ | , the nethods of the
pr esent invegpﬁﬁﬂgg%oﬁagﬁh$@%§ﬁﬁ ﬁthe use of water or
a st rimgnexnticdipoeides rhdtieds af@shoe dapositing A thetalqxide lytry -

avoi di the problens o roduci .4 | rabl e
A e SoPh A png G PR ARIRER (27
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RepeatcompouhdseSigfaslyf the methuls bithe pesetimtetiomdaret hod of
manuf act ur.i a sem copduct or .St [ t he net hod
TR P STt a g a ot e Bttt ol bRy 12 TR0
asoibmg)tiad peobless efipbdacingpaomiairablp istrficebedde bwer al cohol  of

the foroul j ' j group and
bren‘fegn tge‘i%r%;m pr ovf}eéa.\g’%ga@hgf‘g%? © %‘ﬁé’gﬁn%? i)tﬁeéont ai ni ng
lpes besesth the cprigyauTiybicolly dnfl prefeciblyuthalayeis @ MiRleytric ( NR2R3)
l%},For mula 1), MR49 (Formula 11), or Lewi s Base adducts
" Fornmula 11, wherein: M and Nit are each
i ndepefidiestccyof the preteal inveion pRFidesadetiR@ ofir e each
I ndependent |. [ n Le group;, R4 is
PR gt e the AR Rl U0, RF 15 6
Qi sprbvidiag Spmisemduorer substratervd sufjstaeassd@PEndent  on t he
OXi AQdy; ik R feftt 28 atddhol f the Wihn@h RIOH WhereB A0S B bkt L he
precursor conpounds to forma netal oxide |ayer on one
s51ep agsdel 88y f aces of the semiconductor substrate or

SubSirbvidify ARRSEHR kbl lohtSiging pHaReF comgiRa of thd ol Ocess,

b St e 0. 2R Sni B o b RSt oot
Fomuoba 1T, mbaeimr ovi des a net hod of manufacturing a

sem condw&gwg}e%ﬁg}d%ﬁndﬁ}l HEhhod conpri sing:
uct

provi di ng a sem conduct or subst rate or substrate
assenbl yR', Bl iRl pm gckindgpangently diprdogsn exsin GTeems s1ptpe

formil a RC3MropdtRiRifniRuoReyan Or gani c
wisOto4;
zisltw§;
gis11to5; and

w, £, and g are dependent on the oxidaﬁon states of the metals; and
contactipg the precursor compouads to form a metal oxide layer on one or
more sifaces of the semiconductor substrate or substrate assembly using & vapor
deposition process, wherein the metal oxide Jayer comprises two or’ more different
metals,
A second aspect of the present invention provides a method of
manufacturing a semiconductor structure, the method comprising;
providing a semiconductor substrate or substrate assembly;

providing at least one alcohol of the formula R(OH), wherein R is an organic
group andris 110 3; ’ s




group and r is | to 3; 3 28 February 2007 praoy.din
at | east one netal -containing precursor corrpo%i(ll'deéi’f_"g‘“y2007

the formula M(NR)"(NRR: (Formula 1), M2Rg (Formul a
), or Lewis Base adducts of Fornula A wherein: M
and M2 are each independently a netal; R, R2, and R
are each independently hydr ogen or an organic group

R4 is h a noj et

(o5, of ?%‘39‘% 85 o0 S8 Pt et oG

oxi MEARYMBIRY), Gowmta B, R@Rhﬁoaﬂl@a MamdewioPasaaidnapft he

Pr epgHnSIREL wRpRouUNds to forma netal oxide |ayer on one
or nore surfaces of the sem conductor substrate or
substrate ad$@AbMyare ek igdegendanty s melnositi on process,
wherein the Hmzﬁhdmcﬂlﬁdéﬁindﬁﬂﬁﬁj&og@&r&ﬂﬂgaﬂﬁ%m'ﬁp@
Athird asp % he Oresent Jdnvention provides a

nmet hod of erur ngggms’é‘?ﬁ%onductor structure,

t he net hod G{m@m‘&m ng: providing a sem conduct or
~substrate ongsypgtrate assenbly within a deposition
chanmber, providing at |east one al cohol of the fornula
R(OH), wher 8i51 54884 an organic group and r is | to 3:
provi di ng at, 1, efiSd arOdtPendeit 6 theaxiaiinRaRgofilicatmts aid

conpound e forrrul Fornula 1).
M2 R4, %Fg'f , gl\l/ﬁdsgtogr%‘ N? c%my‘gfogulu—aormJI a
| | mmrfeqemfﬂmsmm#dwgmst@a@hmbmW@mmﬂm ayapeet al ;
1Rl tBAG en or an
org nic “°‘§E‘%ﬁf,“’ R4 1s %8&%@%%&%3@%@% noi ety;
wi sOt 04Aﬂnzdfsﬂmbﬁthepm@tm%tlmwwameth@@ﬁ q are
depends ?ﬁhﬁsnmo&ma@ Ak ol TELAl S

vapor| ZI ng recursor conpounds m vapori zed
pr ecur PHrvidinga semlconductor substrate or substrate asscmbly within a

deposition chamber;
providing at least one alcohol of the Formula R(OH), wherein R is an organic
groupandris 1 10 3;
providing at least one metal-containing precursor compound of the formula
M(NR'),NR’R?), (Formula ), M°R*, (Foromla II), or Lewis Base adducts of
Fonmula I, wherein:
M and M? are each independently a metal;
R, R?, and R? are each independently hydmgen or an organic group;
R*is hydrogea or an organic mojety;
wisOro4;
zis1to 3;
gisIto5;and
_ w, Z, and ¢ are dependent on the oxidation states of the metals;
vaporizing the precursor compourds to form vaporized precursor
compounds; and
directing the vaporized precursor componnds to the semiconductor substrate
. of substrate assembly to form a metal oxide dielectric layer on one or more surfaces
of the semiconductor substrate or substrate assembly, whersin the metal oxide

dielectric layer comprises two or more different metals.
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conmpounds; and directing the vaporized precur
conpounds to the sem conductor substrate ?%B:ﬁbilﬁ'ﬁézom
assenbly to forma netal oxide dielectric Iayer on one
or nore surfaces of the seniconductor substrate or
substrate assenbly, wherein the netal oxide
dielectric |layer conprises two or nore different
met al s. Afurtk &pbbitepreser? B0 tionproddes b methshefddrmag at he
pr ' ' et hod of forming a netal
oxlrﬁgﬁ%fug%/lﬁe?g%é %g%ng%%@rigﬁofl%o 'NE®H&t hod conpri si ng:
provi dieydiag ssvbsmieat e; provi ding at | east one al cohol
of t hepbaibimphideal?ofd didchot WAR! 18ipRIR(DE), FRerSh A&/ bk Grgalk OUP
and r 1 tq 3; providing at |east one

%P“B%‘HF L% ng precursor conpound of the formula
M ( NR' proitiig RB:)as oﬁd-_:ﬁatarudm&znin)g,prebﬂﬁr Son@Emfdmﬂihafokdm)la or

are ea?“gﬁ’i%ﬁ F‘d “g&r}gﬁaﬁn 05#13‘?%“ gz M and W

rf@ea&ar@e'dﬂm}a hydrogen or an organi c group; R is

hydrogen Ok 3% M7 HERE R YyaMbdhs O to 4, z s
1108; gisltaos;, and w, dIPén&’anya are dependent on the

oxi dat i on & K aul i W%WmegﬂyhiﬂﬂgeéWWﬁ?\%e
precur sor ROUSReMRESrPokMichcRtet al oxide [ayer on the
substrate us%d(}tg 42 vapor deposition process, wherein
the netal o € 1ayer conprises two or nore different
netal s. A fisflahEaspect of the present invention

provi des ag ttgrgxqmﬁf formng a netal oxide |ayer on a
substrat e, the od conprising: providing a

subst r at e; ¥ Bfiadrerfigpeadent e alipoxigriion gptet{die mstaist 49d
f or nuloaurﬁi(:maﬁ M&%ﬁdoﬁpﬁnds&uﬁﬁn@fn&ﬁ%ﬁclaﬁﬁ@#ﬁe and r is

oSk i e v Al By B

(qum:lof,ediﬂerent\mms.(For nmul a II) or Lewi s Base adducts
of

A fifth aspect of the present invention provides a method of forming a
metal oxide layer on a substrate, the method comprising:
providing a snbstrate;
providing st least one alcohol of the formula R(OH), wherein R is an organic
gronpandris 1to 3;
providing at Jeast one metal-containing precursor compound of the formula.
M/(NRD, (NR’R?), (Formnla ), MR’ (Formula IF), or Lewis Base adducts of
Foomila I, wherein:
M? and M? are sach independently 2 metal;
R!, R?, and R? are each independently hydrogen or an organic gronp;
R*is hydropen or an organic moiety;
wis0tod;
zis1toB;
qis 1to05; and
_ w, z, and g are dependent on the oxidation states of the metals; and
contacting the precursor compounds to form a metal oxide layer on the
substrate using a vapor deposition process, wherein the metal oxide layer comprises
anatase TiO;. '
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Formula 11, wherein: M and M2 are each inde il
a netal; R, R2, and R3 are each independentﬁsﬂﬂﬁgmﬁ%zoo7
hydrogen or an organic group; is hydrogen or an

organic noiety; wisOto4; zisltoB;, qis 1to 5 and

w, z, and q are dependent on the oxidation states of

the nmetals; and contacting the precursor conpounds to

foam a Qﬁﬁl%l;pe%hﬂg?r%%ég%{v {Aéﬂgll%%ﬂes% Al 8f € using a

vapor éeposntl on p SS, rern the netal oxide
| mynefacutrgr hewsy desinastastare, The@acthodlgora@isEgbr uary' 2007 A

si Xt h pRS PGt sithtrdd HaviRs G Mectk iy §RELRN Provides a

met ho of_nanufactﬁring a nennr& devi ce_structure, the
met hod XS5 least pge aleghplof the fopguia RIQH)p¥hereinFols BuYEHEF a

f pmgtanék BdAtts Bde t hereon; Providing at | east one

al cohol of the fornmula R(Qi), wherein Ris an organic
gr oupPEEmg atjiesst pne metd-contpring RiHcwEer semponaih thy framnla
NR{RRH GRS, FofhGilal), SR LATRR YA Bhse hddBeof gpr MUl @
I%%}IR%@R,Z%M a?jl':ornﬁ a f), MeRI S(Fgrrrul al), or

L 2 BICEWiducts of Fornula |1, wherein: M and M
ar e ‘each Midefidhaont iydepenamtiphmetl, R2, R3, and R are
each i ndepe a nar i rQup;

w sQt 04; &z'?lg%ﬁa’th{l%ll %%é%&?@g?e?%m@h)ang }]v%fgnz?r algd q are

d&pendent on the oxidation states of the netals;
vapori zi ng i dig 4pr ecur sor conpounds to form vapori zed
precursor _conpounds; directing the vaporized
precur sor 2E3tpBunds to the substrate to forma netal
oxi de di eh@qtis §;and ayer on the first el ectrode of the

substr at ey, ARKh ol ldithncbo U SR SEE SIS0, t 1
vaporizing the precursor compounds to form vapoxized precursor
compounds;
directing the vaporized precursor componnds to the substrate to form a metal
oxide dielectric layer on the first electrode of the substrate; and
forming a second clectrode on the dielectric layer.
A seventh aspect of the present invention provides a vapor deposition
apparatus comprising;
& vapor deposition chamber having a substrate positioned therein;
one or more vessels comprising one or more alcohols of the formula R(OH),
wherein R is an organic groop and ris 1 to 3; and
one or more vessels comprising one or more precursor compounds of the
formula MINRY), (NR*R?), (Formula 1), M’R?, (Formulz I, or Lewis Base adducts
of Formula II, wherejn the precursor compounds comprise two or more different
metals, éncl wherein:
M? and M? are each independently a mnetel;
R’, R?, and R? are each independently hydrogen or an organic gronp;
R*is hydrogen oran organic mojety;
wisOto4;
zis 1to B;
qis 1to5; and
w, Z, and q are dependent on the oxidation states of the metals.
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A seventh aspect of the present invention pro iS@g a
vapor deposition apparatus conprising: & ,vaég ebruary 2007
deposi ti on chanber having a substrate positioned

therein; one or nore vessels conprising one or nole

al cohols of the formula R(OH), wherein Ris an

organic group and r is | to 3; and one or nore vessels
conpri sing one or nore precursor compounds of the

for mul R W . -Qrgﬁg (Formul a
il), En Néjghl\és %&’ggl %@@&F ocgsndﬁ%%’pma\%her ein the
gh&mﬂmmmmmxmmhnmﬂmﬁﬁﬂcmmmewémcm@S@ﬂmﬂ@&@ di fferent
netals, and wherein: M and M2 are each i'ndependently
a net aAmnﬂi‘aspeRBf mameheﬂiﬁnamtanpmciheslﬂmmnd@mdﬁyed

h']}{ﬂlr g&!%nr{h ?erﬂ%rrg%n g”m oneopl‘nor S urc ct)}‘){uq en or an
organi ¢ no O4% PP O SQUETES 1 5; and
wgmﬁuuanwnmg&mpmdmpmndhmﬁmmnkmhﬁmmdmmat|on states of

the mahl hods 3¢ th & Ecgtburwl'égtgc% ole An e' g‘lﬁth aspect of
t he preserﬁ |nvenP I'on prov ?F arat us as

dasfer sradubstratt, h@hmmtchnchstpmbstmm arselusnate eendhistrate i s

| n%%iﬁ‘kll on \g%? %!egud%c[&]'%ﬁ} .30 %gvgh ﬁéﬂmodpg?h?d'ee sent

ro e ‘apparatus as d ned in the
guevatiigh saispac prefamblyhesemonductosiubstrate nisultrateror e sour ces

%segl P'j gl%(nﬁjpgﬁrl%t %ﬁe al3fol af' 8L fohn 113%1?} T ;%egerlﬁ ﬂ '%h 0

precu por
rmgahlo goupdndt fsd tepd; @mxdhg aﬂeeetrme oetaloontahmgepreairsor Ng a

%ﬁ%on t%%%wh%éggﬂegp%f%‘Pé; 1@%&P§Ha seﬁ%?%x?h
rI&wuﬂiwtadduCts gf Infmula B emidcomiattiog the prsdursomx)mp@nds% ch

sem coé%'j {Elgﬁ'?o ool q%fdx@'su'ﬁ@ce? sﬁzﬁé& g%rr%{o?rabl y, a

or’ su e or su
piepwmm propesst InFerarsitas band HaMba;ﬂMz amfeacthlnmeﬁendanﬂ& @ R( oH) r

[ nd r 0.3,
Ll AL U L R IR AR B R K RO
np@@nindndvﬁenﬂemdy hykragab er aWo(ghiRe pa(RARB0,4; ¢ Banargl a 1),
'}{lﬁm (J( en&, V\€Ih Ba%§ %gldu&fl f For mul a
| , ah CC)ri | ng OI1 iNC OX1 1011 STALES O e %0

precur sor conrpoun forma
net al oxi de Iayer on one or nore surfaces of the

subst deposi t | roce
For nulhggsgrffgang%}j?dm% (%;ﬂﬁcdn "‘raeme;ﬁ]éog% RRt e%tehra]tdent ly a

includes: providing a substrate (preferably, a semiconductor substmte or

(

substrate assembly) within a deposition chamber; providing at least one alcohol
of the formula R (OH), wherein R is an organic group and ris 1 to 3; providing at
least one metal-containing precursor compound of the formula

M'(NR'),(NR’R?), (Formula T), M’R*, (Formula II), or Lewis Base adducts of
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metal (which is used herein to include netall qj or

sem met(al s);: R, RZ, R3, and R' are each %Sq;%bmarYEOW
i ndependent|y hydrogen or an organic group; wis 0 to

4; zis |l to8 qis1tob5;, and w, z, and q are
dependent on the oxidation states of the netals. In a

wamoefoerssoed enbodi nent of the invention, acresiedsta
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provi ded that includes: providing a substrate
(preferably, a sem conductor substrate or substrate
adoumti )vapuizizing the precherpo sorbponnds e edpprifed grebdiong at

I | £ of t.he fornmula R wherein Ris
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preruisdl vapprizingrée trocirsonesimpdesls to fprmonapatizedjpracussabst r at e
hayi I reon: pr.oyi di.ng . at | east
o ShAlnd, el g5 B A e S AR B Ul iR | o
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-organic group; wis O to 4;zis 110 8; qis 1 to 5; and w, z, and q are dependent
on the oxidation states of the metals. |
The methods of the present invention can utilize a chernical vapor
deposition (CVD) process, which can be pulsed, or an atomic layer deposition
(ALD) process (a self-limiting vapor deposition process that includes a plurality
~ of deposition cycles, typically with purging between the cycles). Preferably, the
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to a process in which a metal oxide layer is formed on one or more surfaces of a

substrate (e.g., a doped polysilicon wafer) from vaporized precursor

- compound(s). Specifically, one or more metal precursor (i.e., metai-containing

precursor) compounds are vaporized and directed to one or more surfaces of a
heated substrate (e.g., semiconductor substrate or substrate assembly) placed in a
deposition chamber. These precursor compounds form (e.g., by reacting or

- decomposing) a non-volatile, thin, uniform, metal oxide layer on the surface(s)

~ of the substrate. For the purposes of this invention, the term "vapor deposition
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each cycle the precursor 1's chemsorbed to the

staiimeniat gasphase zeetionshycenamtipn ofthe reawtion enporegd Tisut |

term "atomic layer deposition" as used herein is also meant to include the related
terms "atomic layer epitaxy" (ALE), molecular beam epitaxy (MBE), gas source
MBE, organometallic MBE, and chemical beam epitaxy when performed with
alternating pulses of precursor compound(s), reaction gas(es), and purge (i.e.,
inert carrier) gas. |

"Chemisorption" as used herein refers to the chemical adsorption of
vaporized reactive precursor compounds on the surface of a substrate. The
adsorbed species are irreversibly bound to the substrate surface as a result of

relatively strong binding forces characterized by high adsorption energies (e.g.,
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renoved. As conpared to the one cycle chem cal vapor
deposition (CVD) 20 process, the |longer duration

wonditoposmycl e ALD process al l ows for i nprpyeck2006018t9:0l

- SCnReed R pRRAFRS RBpditbh b

10

15

20

25

30

of | ayer thickness by self-limting |ayer growth and
mnimzing detrinmental gas phase reactions by
s &8 kepl/moh), compardble in etzogth srordicarp drmivikishondh &he t er m

" ' et Qn" e er.ei i s.al so neant
¢ hA oy SEles HAORS Kty Vo BB oLl e, 0 10
( AbE) TheferindensidthemisalRiesipnarpx YOt} ddBien, revjsed bg GuGce 25

o 5 _ : Laxy
oy SRR s RN, CRA s S ERL ABEL
c devpeansaf 41D iy besedion the pypcilesithe ammtipucfyeatirated. , i nert
c ' i LoR" el n refers to
{ Rt oo P RS SRR s BR-AiRER. DILT) PP
pFREELAPBISPTIATRBGRPompeInthe readiidngews ot alersglyst rat e.  The
RABESh L ROHEC ol Jnd D
substrate surface as a result of relatively strong
bistéacesL f sbeieate. Eachrsaquential ingordvptontof g teacite ompbirein
e ' 020690
0k RS Bttt e oo RROLA oA eadlh G
s BiPEeAlt Separaieddy @n et gardds @ps puege. Bash ghescurstn eompohwsiios or bed
S [ [ substrate
Rl aads Yt Bl ol R R o o

surface. (See C em C Ionary",
10EPRiiR selig dayerr dbe eyelg ivygpeated, Grpicalbaint ssyeral puskddshed by

VamedRsdd @R 55 dWRbitka DS ! The
tecﬁni que of ALD is bagéérgv %lrgl\lﬁ%é’ %Séﬂgis?u%dg‘%%flé&%%aﬁ%

f S-Recen Piemaiely atiizerony ereeeoscompawidayiieh ivthemisarbed, wad
PbRGEUCAR calnRE WaBS wh 16 RS AR08, | n ALD one or
nore appropriate precursor conpounds or reaction gases
are alternately .introduced (e.g., pulsed) into a
deposi ti on sRATLGISCAIGNT i8S BRAWINGE the surfaces
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typically separate an I nert-carrier S purge.
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| ayer to previously deposited layers to forma

cumul ative solid layer. The cycle is repeated,
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understood that ALD can alternately utilize one
pr ecurl&®preestipnsniing prayifies metheds of forminga meial oxide tyer

on a substrate (preferably a semiconductor substrate or substrate assembly)
using one or more alcohols of the formula R(OH), wherein ris 1 to 3
(preferably, 1) and one or more metal-containing precursor compounds of the
formulas M'(NR"),(NR*R?), (Formula I), M?R’_ (Formula II), or Lewis Base
adducts of Formula II. In Formulas I and TI: M' and M? are each independently
any metal (main group, transition metal, lanthanide); each of R!, R, and R? is

| independently hydrogen or an organic group; w is 0 to 4 (preferably, 0 to 2); z is
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1-3 are exenplary capacitor constructions. Figure 4 is

a perspective view of a vapor deposition coating
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- silicon dioxide, aluminum, gallium arsenide, glass, etc., and other existing or to-

.. 'be-developed materials used in semiconductor constructions, such as dynamic

. random access memory (DRAM) devices and static random access memory
(SRAM) devices, for example.
Substrates other than semiconductor substrates or substrate assemblies
can be used in methods of the present invention. These include, for example,
fibers, wires, etc. If the substrate is a semiconductor substrate or substrate
assembly, the layers can be formed directly on the lowest semiconductor surface
of the substrate, or they can be formed on any of a variety of the layers (i.e.,

surfaces) as in a patterned wafer, for example.
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- as an aliphatic group, cyclic group, or combination of aliphatic and cyclic groups

- (e-g., alkaryl and aralkyl groups). In the context of the present invention,

30

-~ suitable organic groups for precursor compounds of this invention are those that

do not interfere with the formation of a metal oxide layer using vapor deposition
techniques. In the context of the present invention, the term "aliphatic group”

~ means a saturated or unsaturated linear or branched hydrocarbon group. This
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hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, t-butyl, and the
like, but also alkyl substituents bearing further substitnents khowr: in the art,
such as hydroxy, alkoxy, alkylsulfonyl, halogen atoms, cyano, nitro, amino,
carboxyl, ete. Thus, "alkyl group" includes ether groups, haloalkyls, nitroalkyls,
carboxyalkyls, hydroxyalkyls, sutfoalkyls, etc. On the other hand, the phrase

~ "alkyl moiety" is limited to the inclusion of only pure open chain saturated

10
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used throughout this application, the ternms "group"
and "noiety" are used to differentiate between
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For the compounds of Formula II, M°R’_ and Lewis Base adducts

thereof, each R? is preferably hydrogen or a (C1-C4) organic group. Preferably,
the compounds of Formula II do not include compounds in Which all R* groups
are methyl (particularly when M? is aluminum). Examples of suitable precursor
compounds include AlH,, AlMe;, AlHHMe,, ZnEt, and AlH;NMe,. Such

compounds are either commercially available from sources such as Sigma-
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10 precursor conpounds can be substituted wt

fluorine atons. Preferred al cohols include epﬁéﬁh?¥wy2007
i sopropyl al cohol, n-propyl alcohol, n-butanol, and
et hyl ene glycol nononethyl ether. In certain
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Typical [y, they are Iiquids suffici y VO
b&Pngiderpdis @ dnert gaigkgaknown vapor depositi on technlques

Veﬂtls §591l}3 sed%fgegl | e ly

vol atil e that they can 6 vap orlzeg or suﬁ inmed from
t pRiveats thapare suifple for this application (parucularly for a CVD process)

can be one or more of the following: aliphatic hydrocarbons or unsaturated
hydrocarbons (C3-C20, and preferably C5-C10, cyclic, branched, or Linear),
aromatic hydrocarbons (C5-C20, and preferably C5-C10), halogenated
‘hydrocarbons, silylated hydrocarbons such as alkylsilanes, alkylsilicates, ethers,

polyethers, thioethers, esters, lactones, ammonia, amides, amines (aliphatic or
aromatic, primary, secondary, or tertiary), polyamines, nitriles, cyanates,

isocyanates, thiocyanates, silicone oils, alcohols, or compounds containing
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usi ng known vapor deposition techniques. If t re
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sufficiently soluble in an organic solvent or have
melting points below their deconposition tenperatures
such that they can be used in flash vaporization,
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typically one or more precursor compounds are vaporized in a deposition
- chamber and optionally combined with one or more reaction gases to form a
metal oxide layer onfo a substrate. It will be readily apparent to one skilled in
the art that the vapor deposition process may be enhanced by employing various
related techniques such as plasma assistance, photo assistance, laser assistance,

~ as well as other techniques.

13




Eubs;rates such as netal electrodes or nltrldﬁngmumy2007
arriers. Also,-as is known in the art sone er

can be pervious to oxidizing gases and cause

detrinental oxidation of a |ayer below the top
substrate |ayer. 10 The precursor conpounds can be

wozaporas®ed i n the presence of an inert pawvszes/ogas if
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desired. Additionally, an inert carrier gas can be
used in purging steps in an ALD process. The inert
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S§ vap@e) and ﬁlﬁ 9@01‘1,’56‘8 Miqiil BB SF Sompoh iPRES SR ted

c o npaund('s)
by an inert carrier gas passmg over the bubbler or through the liquid precursor

compound. The vapors are then swept through a gas line to the deposition
chamber for depositing a layer on substrate surface(s) therein. Many techniques
have been developed to precisely control this process. For example, the amount
- of precursor material transported to the deposition chamber can be precisely
controlled by the temperature of the reservoir containing the precursor

compound and by the flow of an inert carrier gas bubbled through or passed over

 the reservoir,
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typically reacted with an oxidizing or reduci
reaction gas at elevated 5 tenperatures to fo?%#?%nﬂuyzoo?
net al oxide |ayer. However, in the practice of this
i nvention, no such reaction gas is needed because the
al cohol provides the oxygen for the film forned.
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the layer is achieved. Typical CVD processes generally
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suitable for performing CVD may be used.

25 Alterpatively, and preferably, the vapor deposition process employed in
the methods of the present invention is a multi-cycle ALD process. Sucha
process is advantageous (particularly aver a CVD process) m that in provides for
optimum control of atomic-level thickness and uniformity to the deposited layer
(e.g., dielectric layer) and to expose the metal precursor compounds to lIower

30 volatilization and reaction temperatures to minimize degradation. Typically, in

an ALD process, each reactant is pulsed sequentially onto a suitable substrate,
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tenperature at the substrate surface is prefe
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about 600C, nore preferably in the range of about 200C
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. compound of Formula IIl) is provided to react with the first monolayer of the

first species. The second species is then purged and the steps are repeated with
exposure of the second species monolayer to the first species. In some cases, the
two monolayers may be of the same species. As an option, the second species
can react with the first species, but not chemisorb additional material thereto.

That is, the second species can cleave some portion of the chemisorbed first

. species, altering such monolayer without forming another monolayer thereon.
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about 150C to about 300C), which is generally ] I

than presently used in CVD processes. Under gﬁ?l?f%maryzom
conditions the filmgrowh is typically self-limting
(i.e., when the reactive sites on a surface are used

up in an ALD process, the deposition generally
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precursor.

17




WD 2004/ 020690 PCT/ US2003/ 026794 Al so, a thirg gpg 5007
or nore may be successively chem sorbed (or r g Qﬁﬂy
and purged just as described for the first and second
species. Optionally, the second species (or third or
subsequent) can include at | east one reaction gas if

WOReeH0R06%. Pur gi ng may i nvol ve a vari ety BET/V2¢03/H16¢Mes

including, but not limted to, contacting the

substrate and/or nonolayer with a carrier gas and/or
| ower | hlpsluprgSe AFR ProgeshanBoowsfensaipdeposiongydsssur e
t Qud BRUEERd bl dé}?d@ﬁi@ﬁ‘ EHa%Bér%clPéyci@ dep%ﬂﬁrfé LRnaRR LRk | N9

t he, substrate and/or chem sorbed species. "Exanpl es of

c e feyer (ysudly dess then) qpg aonglayepguch thes fheéf%”ﬂl R ng may

1 DSk fdiCAbeAD, 200 Bofd.0 ﬁlﬁhsﬁ'tﬁ'ﬁs P eﬁéi'%j {]ﬁhghﬁem sor ption

mongl ayer with any substance that

- pyfesigd wis piit a%%beSll&ﬂHtewémts Tﬂiﬁbﬁféﬂ@@ﬁm i§tion

‘10

15

20

25

30

Ofac@n@%&ﬁ@taﬂt&ﬂaﬁif_ﬁﬁb&z%mé B D bERMR ﬂ%&ﬁrstopcdnﬁ%ﬁﬂag uci ng

anot her, speci es he contactln speci es nay

1 dje e depogtianshpmbet rontaEing asepic tl?tqtsvl@ﬁat&rchmﬁqrbnaa

P IR SetnBor KBAMMANA(S) ab NABRLIFK dn{o&ﬁla subsﬁratE bt an@sgd on

the specificatjons for the product of a particul ar
déii'a%qgﬁli'e&heﬂnﬁﬂﬂ&é@?&WSOAE@HO&H%%) Péhthgederjopeastives a

S @eburkdr Gdrkio () VieQafe dmamhlaﬁlsre@xsﬁﬂda E&m@(&ﬂiﬁﬁmﬂ15 of
SlteS eXISt (0] a substrate to wh e first species

SSRGS S et tosaitats the sybitratg él&@?ﬁd Téfal@@bfe@e pl F@ht

O luptiddqEHorh Sootit (€] biabcit 5 SRk, PRefadbtl fFdMisholiBY BBt be
self- mting. Once all of the finite nunmber of sites

A SO%%% pbstrate are bonded with a first species, the
f ir st m&ﬁpﬁgon% thk pREdEIRanRP the@NFdAven OVIDEALDfS t he

f|r ?e0|e %H'dy bonded with the substrate.
Q}%'Pan bfh&@écg@ AR AqcerriagliA-This oben corducledizt n ALD to
pmammersaﬁﬂamh@é.a,dnaﬁ@w Dukia e ALDpE RO theRbdialel M ti ng.

Accor di ngl ALD may al so engonpass a species form ng
PR HET ‘i‘“eél:‘f%a’e’!*lyw oy kB of a

S P&l Bétweeh Ee FhdAdlsobeld PpeBiirsoBe: arfitBe urdbGAROT
nnlecule thlc The escrlbe g@ od |nd|cates the

» SYPSTES T TRCg RoCHD BEHEE memp%swgﬂ geursoELompRHad(s
( TheempER&ORAIss DEELHSHY high t M6id chHRBsRRA BT iho preafrsot h e

t f { t f th
< efriiopbeE P S g ePAELY U HBSSRS 1 e

k asemt :zselg & D6 400 (ﬁéﬁxfaﬁﬁf eReB 0 tolh@s $00ACY, Whieh #i nary
skil | nati on can be_ nade as to

art
t Bemeraply @W%fglra@ P@Fﬁ%ﬁ Pse o é@a BRers5H- - 4o irsfgepciey ploces s

C rdétirdol eoAHoaRliShtRBobe AN eNRrhe SHRetantidragbsence

of the second 30 precursor. 17
SEco specles or precursor compound can occur at sabstantially the same

temperatute as chemisorption of the first precursor or, less preferably, at a
substantially different temperature. Clearly, some small variation in temperature,
as judged by those of ordinary skill, can occur but still be a silbstantially same
temperature by providing a reaction rate statistically the same as would occur at
the temperature of the first precursor chemisorption. Chemisorption and

subsequent reactions could instead occur at exactly the same temperature.
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in the art will recognize that such temperatures and time periods may vary. For

- example, furnace anneals and rapid thermal annealing may be used, and further,

- such anneals may be performed in one or more annealing steps.
As stated above, the use of the complexes and methods of forming films

of the present invention are beneficial for a wide variety of thin film applications
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Siobysiicon is cleaned by an in situ HF dip prior to deposition of the dielectric
material. An exemplary thickness for layer 28 in accordance with 256 Mb
integration is 100 Angstroms. |

A diffusion barrier layer 30 is provided over dielectric layer 28.
Diffusion barrier layer 30 includes conductive materials such as TiN, TaN, metal
silicide, or metal silicide-nitride, and can be provided by CVD, for example,

sing conditions well known to those of skill in the art. After formation of
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" layer 30. Barrier layer 40 is provided between first capacitor electrode 26 and

dielectric layer 28, whereas barrier layer 30 is between second capacitor
electrode 32 and dielectric layer 28. Barrier layer 40 can be formed by methods
identical to those discussed above with reference to Figure 1 for formation of the -

batrier layer 30.
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A diffusion barrier layer 30 is provided over »g g, 2007
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specific and preferred embodiments and techniques. It should be understood,
however, that many variations and modifications may be made while remaining
within the scope of the present invention, so the scope of the invention is not
intended to be limited by the examples, Unless specified otherwise, all

percentages shown in the examples are percentages by weight.
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i nclude .co e nat rlal an accordingly, in
such e‘h‘ﬁ‘ﬁ‘ag ﬁﬁogfvguff'é‘%%’ﬁ wass cﬁpa’ﬂ‘ﬁ at least a
POEiiafdivables tulder compwaeri cbmfo$toq:lu1aeme @:ﬂ&s opdnrin @queniidul ar
enbodi nents an enti of, a ctrode
Lo e Bee Py RO RRTiaRle f hEh
DhshRA) NMHyﬁﬁfJMJﬁahkSﬂﬁierp@l qb@hcﬁldﬁenerahﬁhﬂmxﬂhpo& ti on
rocess chem or d qsii 1¢c. | ayer
deeme: S TERTERE® predlin MDA b0 EhBTR % |
RitgpiaRr £hd whhdaiaiinteaird fuxih«sdeaomtemc | osed vapor
deposifion chanb 10, i.n whi VaCcul e
cr oat dE ARt SOREP ATV D R 8
@n Bo;ﬁﬁpyﬂﬂdicﬁols.ctabls iepaﬁtaisby]ajs&eécmd gurge withargaraddie 5-or
subs rate strate Ltioned in
franboe iy wdet S o T ieep i Bl PR
@ﬁﬂlalb |he]5hﬁd§n“feﬂgas Sisiag brlpi mask ﬂﬁw cmtuoﬂd:r dowamstrgan §f the
dependi n the ss u y be
PR o] RS sT at Sy i 400 PR T Bl R0
higelt wds ollat’hﬁed OThe Wihni cdtainad erly mhmummi axyzambened ewix-raft her
the al so be
b seorpe OSSRt B 1 MRS B fllor ) 20
(carbon. , X-aay diffracd ot malysmtﬁ”uimlﬁlmpmdedth@mamm@hma@nd an
g%&g E are, st.ore ‘g in vessels 162. The precursor
50 LA ERISSr i zed and separately fed al ong |ines
164 and 166 to the deposition chanber 110 using, for
[ carrl e s 168. A reaction 20 gas
%ﬁgﬁﬁg ‘3@ CJ‘BEES BeSI {H Pne 172 as needed. Also, a
pur ge AgaﬁmnaéfcmﬂgMonsI@wnﬁﬁEigmhwasssh@\?iﬁl the inert
carri . .6 as
Bl 0w R Bl
GﬂﬁﬂfﬁdTﬁm s oS eshnecsedrtetye thaender Rl IiSMe b \(Biregn :
re offered.to - t he various
%@ﬁﬁeﬁew rap%gopr%%g?%éln bgll" eﬁght echni ques. It
Fhasippshy el UTsbeigMey) precursor was heated to 40 °C while the

"~ isopropy! alcoho! remained at ambient. The substrate was a silicon wafer having

doped poly-silicon as a top layer and was maintained at 215 °C for the
deposition.

Each cycle involved a 2-second pulse of HfNMe;,), and a 1-second pulse
of isopropyl alcohol, each separated by a 5-second purge with argon and a 5-
‘second pump down under dynamic vacuum. The precursors were introduced
without helium carrier gas, using only a mass flow controller downstream of the

isopropy! alcohol reservoir set at 25 scem. After 400 cycles a HfO, film 250 A
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however, that many variations and nodificatio
made mhlle remaining wthin the scope of thqu;pgéﬁﬁy2007

i nvention, so the scope of the invention is not
intended to be limted by the exanples. Unless
speci fied otherwi se, all 30 percentages shown in the

WOHNHAWYs are percentages by wei ght. 22POBURZEBH06HY

10

2007 V\D 2004/ 020690 PCT/ uszoosl 026794 EXAMPLES
1. Pul sed Chem oSi of Tid2 A
@H%Wf?é Pbtafwdc 1T ﬁlgmoatﬂnsi faasa Wset up

%(St&blecﬁéiﬁeiﬂé'@béc@pmmalyﬁﬁ aid mmﬁ@msefame @itogaplort 0 pul se
Va mpnner TWO reservoirs

ves open in tj al

TR B e, ARG SRS T ARRSII0S, o 5
GEine Rdtaen fg%&u/ayﬂepp@t@% buditpr 2000 °C &@mmyThﬂ pfbb%@[l ol t

ner em_cal ,. Si ppany,,. e substrate was
gR DR 6W“W§P§F%W§9Pﬁg&%8%£ S%HF§?%94icon as a top
| ayer and was mai ntained at 220 C for the deposition.
Each cle invglved a ggsec Ise of, Ti{Nwe2)4 and
a 5- seboe? t(@gbmgguﬁ Bﬁ@ﬁ??m duHBfs. 8k b separ at ed
lpybliaatﬁmﬁﬁfé@ Rélei bk gRoipbitiad By @&fen&riﬁl thair bntitély adfacd punp

down anlc cuum . sars r.e
|“f‘7f° Yig'@'[p' qumd{ﬁ;?q,og ﬁg WORRY only a
hie&ioh WitYbegad afpgzlubx& ko ﬁ@ﬁéﬁ&lldd&ﬁﬂib aft withet ddpadpyg fopy |

| cohol eser 1 e 00 cvcles a
e3P PR P BRIV R B Fleriont Bt nfeh
GOrdt teRdd thEH widdly mmdwmﬂmmzsam enbddasead and X- r ay

phot ele N specLros XPS) anal and. had no
Fea %@FP@ﬁ%hmﬁPnggﬁ “%%§P§§Sa#¥¥?%%¥1on
R a)ay&fi esmiﬁle &ﬂgewﬁ]‘cih ﬂlmcgpakﬁaigad;eitm ugﬁﬂédiﬁ de llmlyeslt al

n .forme eposite Exanple 2. Atonic
Lg§§Vﬂf§%ﬂ§ @ﬂ”ﬁfuﬁféaﬁﬂ ‘chanber of configuration
shown in Flgure 4 was set up with 20 pneumatic val ves
under conputer control to pulse the valves open in
sequential  -manner. Two reservoirs connected to the
chanber contai ned Hf (NMe2)4 (Street Chemn cal
Newburyport, MA) and isopropyl al cohol (CGenera
Chem cal, Parsippany, NJ). The Hf (NMe2)4 precursor
was heated to 40 C while the isopropyl alcoho
remai ned at anbient. The substrate was a silicon wafer
havi ng 25 doped poly-silicon as atop |ayer and was
mai ntai ned at 215 C for the deposition.
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“illustrati

Each cycle involved a 2-second pul se of Hf (N 4, and
a 1-second pul se of isopropyl alcohol, eachwgéég?%ﬁ§ﬁ9007
by a 5-second purge with argon and a 5- second punp
down under dynam c vacuum The precursors were

i ntroduced 30 without heliumcarrier gas, using only a
mass flow controll er downstream of the isopropyl

al cohol reservoir set at 25 seem After 400 cycles a
Hf 2 film 250 A 23 28 February 2007 WD 2004/ 020690
PCT/ US2003/ 026794 t hi ck was obtained. The film '
contai ned only hafnium and oxygen based on x-ray °
phot oel ect ron spectroscopy (XPS) anal ysis, and had no
detectable nitrogen or carbon within the H 02 | ayer.

X-.g,ﬁ%lsc&l- Legtion anal ysis reveal ed an anorphous film
ha een

ormed as-deposi ted. but t Gsefmes api d
t hbrmﬁth?s%e’é@@m{%ﬁf?mﬁ?{@‘é%‘ %‘f"?‘%‘%’g;e"*n’g{ﬂé"?ﬂ Nt he
fi 1 m wWasvighy sielidoidneotdiiBRate & stbeaterswph®t e di scl osures
of the patent t gﬂﬁé&ﬂﬁﬁlﬁ%o GherdpiIR si a6 affphin S
cited _H’g’?‘é‘“ﬁﬂ érase[%?enag%{r’%or ated by (rlg?er ence in their
engiowpstiyriadtd® each were individually incorporated.

Var i oug,GRgi 'ﬁi;{&ﬁtuh@lﬂéal—aﬁi’aiﬂgtp%ﬁidr eonspotod of e rmnja

invention W Il_becaone re to j din the

ar MIQWRDHDBR N Erma gt gf%ﬁ"ﬁ%@'h%%“@%%% girai{a&és(gi rit .of

t hpgmiaYewke=a. |t shoul d be understood that this .

i nvention .8 n ' Ly RGediadul y limted by the
MPagl R o L REGEha bty

ments and  exanpl es set.forth

herein and Rt and B re engipindspendentiy By demgph s PHERTS B5TR
present ed for @6R0MAL Boiey) Y Wi th the scope of

t he invent i%%SW%%ged to be JLleoi?;lm'ted only by “the
clains set Y#%P®%herein as fol l ows. 24 28 February
2007 Wiat isi1e@®mined Is: 1. A nethod of manufacturing
a sem conduct gr strycture, t he met hod conpri si ng:

provi di ng a?¥éM €hduct or substrate or. sybstr te.
assenbly, pwou andigaey dependeglps fhegrdatan i"ﬁfﬁﬂ% H‘Bfm e

for mul a,,R64HD e WoGE:RF Amftuhi® e getliogide yepoporand r i s

or e = Yo AR B P T A R O P RS

( FQ{.:%ediﬁaz Frcess)\Phedsn theéioataimtide liye) compyse waosupa dEeERiduct s
of a?
met

srmJIaII, wher ei n: :

"2, The method of claim 1 wherein the serniconductor substrate or substrate _

assembly is a silicon wafer. : |
. !
5. The method of ciaim 1 wherein the metal oxide layer is  dielectric layer.

4. The method of claim 1 wherein the two or more differant metals are in the form

of alloys, solid solutions, or papolaminates. -

' 5. The method of claim 1 whereia M"and M? are each independently selected from
the group of wetals consisting of Groups 3,4,5,6,7, 13, 14, and the lanthanides.
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M3 and M2 are each independently a netal; 1t'QS$€bnﬁﬂFﬂXﬁ
R3 are each i ndependently hydrogen or an organic
group; R4 is hydrogen or -an organi c noiety; w sOto4,
zislto8;, qis 1 to 5 and .w z, and q are dependent
on the oxidation states of the netals; and contacting
t he precursor conpounds to forma netal oxide |ayer on
one or nore surfaces of the sem conductor substrate
or substrate assenbly-using a vapor deposition °
process, wherein the netal oxide |ayer conprises two
orf nore different netals. 2. The nethod of claim1
wherei n 't he sem conductor substrate or substrate
assenbly is a silicon wafer. 3. The nethod of claim1
wherein the nmetal oxide layer is a dielectric |ayer.

4. The net hod of_claim,l rein the

di ‘f-f'@f’&‘ﬂm"h‘gﬁ]&?’?%“‘i%! ”f'#g[? o?ar%nh“.lg?eng%@%%, solid

S Ot frbp S mels consisiag of YiiLaZy, @8\ G& Ti. Th LAl Tedl ¥ 5 aim 1
wherein M and M are each independently selected from

the group of nmetals consisting of Go 3, 4.5 , 7,
137, Tt saeiuedificiin | ool IR e e e e s
FeRkdipb¥ s8A07 6. The nethod of claim5 wherein M and
12 are each independently selected fromthe group of
nmetal s consisting of Y, La, Pr, Nd, &d, Ti, Zr, Hf

Nbs. Fid mefod ofhibln BivbereiR’, Ritead RE ek engh nfeperdantiiid {C1ofHE} i n
t he t (0)¢! s IdLElé icafoie@bout 30 A
'tomggg: lgﬁéggﬁ%#q¥ﬁgmﬁg§ﬁgd&2f c’a?ﬁil ;ﬁérein R .

Rz, and R3 axe each independently a (C-ClIO (

O §aTYjeGrefisd itizif N Wh@ark’, Roard R* ira erelpiadegenitrtly hydrogen

a-ao i i ety . Q. T iam 1
&h@?%ﬁqzt%g’%%?%@{?%%&é& slg%gﬁnq?{r‘]lgggjei%%n I ymhydr ogen

or miefyCl - C6) organic group, and each Ris

i ndependently it (Cl-C6) organic noiety. 10. The .
met hod of claim1 wherein wis 0.t0 g and z is 2 to 6.
11 .10.TFhe vrpioheiaiebr 1 whesiny s Oef8A P 4°s 2 to 3. 12. A

met hod of manufacturing a sem conductor structure, the
et hofl .CORPA Lteld] whesein gis2 t0 3.

12. A method of manufacturing a semiconductor structure, the method f:omprjsing: ]

providing a semiconductor substrate or substrate assembly;

providing at least one alcohol of the formula R(OH), whesein R is an organic
group andris 110 3; . | _

providing at least one metal-containing precursor compound of the fornmla

- MNRY)NR?R?), (Formula §), M?RY, (Formule I, or Lewis Base adducts of
Formula I, wherein: .
" M and M? are sach independently a metal;
R', R, and R? are each independently hydroge or an erganic group;

R’ is hydrogen or an organic mojety;
wisOtod;

zisl_tus;
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metal oxi d8% é@%f‘“ n one or nore surfgg}g f%I
y u3| ng

provi ding a sem conductor substrate or substr
assembly; providing at |east one al cohol of tﬁjege[:ebr‘my2007
formula R(OH), wherein Ris an organic group and r is

1 to 3; providing at |east one netal -containing

precursor conpound of the formula M (NR )wW9R2R3),
(Formula 1), M2ROgq (Forrmula Il), or Lewis Base adducts

of Formula A wherein: M- and NI 2 am each

i ndependently a netal; and R3 are each mdependently
hydrogen or an organic group; Ra is hydrogen or an
organic noiety; wsQ o4, zis | to 8, 26 AMENDED
SHEET 28 February 2007 g is | to 5; and w, z, and q

are dependent -on the oxidation states. of the netals;

and contacti precursor conpounds to form a

seni conduc woz, a et depandentn A FEEROR PRI
vapor %&&?Eﬂe RARf SRS dstﬂ/ﬂﬁbawﬂldxdﬂlmTHIIUQ?)ﬁfde

| ayer €0 anat asé T| 02 E?E’Jl QNapor
WWWWPWS%W%%W u%sure  Be nethod

COggRksitRoh Picess, hcpai wé mgtaiapxsehyecmu@e e i r at a or
subStrate assenbly within a deposition chanber;

provi ding at | east one al cohol of th r
wheg. @i iethddiof manmfadpifE i semiceg At SR ey ‘?‘1 %&TQU‘L“?%&W
providin - LS AShauRBAsmbRkta br-aiRiteissimbly witiseur sor
conpouﬁ”f‘f’gﬂ@E %e forumJI ; M (NR ) a( NR2R9) ( For nul a))
&Rﬂcpéﬁmnmﬂﬁ’ﬂll) or Lewis Base adducts of . Fornula U

wher e| Dvmng@,ﬂéhst\ﬁﬁaﬂﬁ)hdafﬂie formal pREH Fhersin B ISAROLANE o,
R3 ach |ndependently hydrogen or an

or, Rp & fsl} s hydrogen or an orga W
[ sgg tcprg;jdmggt st dhe mgaé:untgg;p%prpcn{sgcg pugﬁrgof(&xe@ﬂn%{ay

MNRY, NR'RY), (Formula 1), MR, (Formuta ), or Lewijs Base addacts of

a

Formula IT, wherein:
M! and M? are sach independently a metal;

RY, R?, and R® arc each independently hydrogen or a0 Organic group;
R%is hydrogen or an organié mojety;

wisQtod;

zisi103;

qis 1to5;and
w, z, and g are dependent on the oxidation states of the metals;

vaporizing the precursor compounds to form veporized precursor
compounds; and

directing the vaporized precursor compound
or substrate assembly to form a metal oxide delectric layer on one or more susfaces

of the semiconductor subsirate of substrate assembiy, wherein the meta] oxide

5 to the semiconductor subsate

dielectric layer comprises two or moye different metals,

14. The method of claim 13 wherein the precursor componnds are vaporized inthe

presenice of an inert carsier gas.
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w, z, and are dependent on the oxidation st
t he netals? vapoering t he precursor conpoung‘;sgeﬁbgmryzoo7
form vapori zed precursor conpounds; and directing the
vapori zed precursor conpounds to the sem conduct or :
substrate or substrate assenbly to forma netal oxide __
dielectric layer on one or nore surfaces of the .

sem conduct or substrate or substrate assenbly, wherein
the metal oxide dielectric |layer conprises two or
nore different nmetals. 14. The nethod of claim 13
wherei n the precursor conpounds are vaporized in the
presence of an inert carrier gas. 27 41, AVENDED
SHEET 28 February 2007 15. The nethod of claim 13
wherein M and Ware each independently sel ected from

the group of netals. co o 6,7,
131,51%h Wdemmllﬁﬁpﬁ#ﬁéw%g eadfga L};)?dSéloB;é:dc:l ai m
1 3ophvRs @b of Sl banbisryg eff Bowps B.det. g1t Iﬁ‘bﬂ‘fﬁrt@‘cur sor

cg ou ds is acconplished using a chem cal vapor

d “on procéss 17. The method of claim 16 wherein
the tenperature of the sem conductor substrate or

s uRs %@,ﬁgh@%ggml ywhﬁ,@bupbﬂzmgeﬂm:ﬁmnahapmu@mc 18.
od of aim. 16 era? te’b% S&anduct or

su@@??“&f‘se‘séc@‘%ﬂi’é‘? psifed chepicalvapyr depsgs :?‘a deposi tion

charrber having a pressure of about O 1 tort to about

Y, ayo %%ﬁt&c}ﬂ%ﬁ anglelr 8 LIQH the % e BF diFseipfRBriatitdt substrate

_ ctlng ‘ﬁ’ cursor compounds is
acoouptrtsHetblyds st 4 %E"o”‘ﬁ‘i’"& a@er deposition process
conprising a plurality of deposi ti on cycl es. 20. The

met hod of claim19 n_duri abayer
_deb%s'IthF“S‘H""pﬁflﬁl?’é‘k’é"f r@“%ﬁé‘fn&?m% fal ni ng %ags?ellﬁ |y$

foagga,d,mymalae@matuahryber intvnpalpressyrg oftabrat ﬁb} waig &gy 10 |
ounds during each deposition cycle. 21. The nethod -
faim 19 wherein the tenperature of the

em conductor substrate or substrate assenbly is

abqytﬁ%&hb@uﬁhﬁyie uﬁgﬂﬁ@apoﬁﬁngﬁhdmmmrmﬂ aim 19

wherein the sen.co ductor Syl )
as SEPHGHAS f52CEOMP 3 Bh c’ﬁ%‘?ﬁg&ﬁw r\‘/’%ﬁ%ﬁ ptrnggsur e

of phiditytof depbsition eyvles.0 about | ton:

20. The method of claim 19 wherein during the atomic Jayer deposition process the
metal-coptaining layer is formed by alternately introducing the precursar .

compounds during cach depusiﬁo_n cycle.

21. The method of claim 19 wherein the temperature of the semiconductor substrate
or substrate assembly is about 25°C to sbout 400°C.

29. The merhod of claim 19 wherein the semiconductor substrate or substrate
assembly is in a deposition chamber having a pressure of about 10" torr to about 1

tOfT-
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28 AMENDED SHEET 28 February 2007 23. A net hfnge%har 2007
formng a netal oxide layer on a substrate, the 34
conprising: providing a substrate; providing at |east
one al cohol of the:formula R(OH), wherein Ris -an—
organic group and r is 1 to 3; providing at |east one
nmet al - cont ai ni ng precursor conpound of the fornula
M(NR),,.(NRR3). (Formula 1), MR q (Formula I1), or
Lewi s Base adducts of Fornula Il, wherein: M and H2
are each independently a netal; R, Ra, and R3 am each
i ndependently hydrogen or an organic group; Ris
hydrogen or an organic noiety; wisQo4; . zisltoS;
gislto5;and w, z, and q are dependent oOn the
0X h4lad jRfloddsintie @ et iSidERFoRbi: substake, cipmedol fomgrising
precursor  conpunds to forma nmetal oxide |ayer on the
subst r YRS apor deposi ti rocess, wherein
t he metpadvidingiatieasi ey lroheloihe fogaa R @ﬁ RSB A ATEPE  ent
rret%ls a2k _l,1e met hod of claim23 wherein the
uﬁrsfl'?aﬂ is a silicon wafer. 25. The c{l}
23 Memwﬂmﬂﬂﬂﬁﬁwﬂﬁ/ﬁ’”%”tﬂﬁﬁwr?%gﬁgﬁ%o@ﬁ Ty s% ec ted
fr Q;rmﬁ) DI MRS, (Bandd B) origwvis BasGediugisot3, 4, 5,
13’30%@%;@ tﬁlgI I§nt hani des 26. The method of
cI EP%%M%'?‘%W n M and H2 are each independently
sel ect ed fmbmdMieregabindepopdeptiytametiliconsi sting of Y,
La, Nd, o -ElR?' afek a.cil lintimpeﬂﬂbnﬂy-ﬁf‘“ﬂ‘ﬁ or al Blanicroup? 7 .

3
The rret hod of’ ¢fAim 23 wherein the metal oxide | ayer
has a thi ckﬁéé@%"%é’tﬂrg"’“g@”ﬁtyo about 80 A. 29
AVENDED SHERTs@@4february 2007 28. The method of

claim 23 wherein, R, R2, and R3 are each i ndependently
a (d . 2151108

qis 1to5;and
w, 2, and g sxe dependent on the oxidation states of the metals; and
contacting the precursor compounds to form a metel oxide layer on the
substrate nsing a vapor deposition process, wherein the metal oxide layer comprises

two or more different metals.
24. The method of claim 23 wherein the substrate is 2 silicon wafer.

25. The method of claim 23 wherein M’ and M? are each independently se_lected
from the group of metals consisting of Grovps 3, 4, 5, 6, 7, 13, 14, and the

Tantbanides.

26. The method of claim 25 wherein M! and M? are each independently selected
from the group of metals consisting of Y, La, Pr, Nd, Gd, Ti, Zs, Bf, Nb, Ta, Al, and
Si.

7. The method of claim 23 wherein the metel oxide layer has a thickness of about
30 A to about 80 A,
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C10) organic group, and each R is independentl

(A -Cl0) organic nmoiety. 29. The method of cI%%EﬁWyzom

wherein R, R2, and R are each independently

hydrogen or a (Cl-C6) organic group, and each Ris

i ndependently a (Cl-C6) organic noiety. 30- T h e

met hod of claim7,3 wherein wis Oto 2 and z is 2 to

6. 31. The nethod of claim23 wherein qis 2 to 3.

32. A-nethod of formng a netal oxide |ayer on a

substrate,'the nethod conprising: providing a

substrate; 'providing at | east one al cohol of the

formula R(IOH), wherein Ris an organic -group and r is

1to 3; providing at | east one netal -containing

precursor con‘p d,of, 2 f c dMe ehRnt).)W((RQRS)Z

( PorThamstb Wﬁégwh 8 R ﬂéﬁ%&%h é\/l Base adducts

of10) Efgmnuér&lpldn;lemg mﬁepcmmthvﬁ&twﬁl%’é‘"%

i ndependently a netal; R ? R2, and R3 are each

. i ndependent | hydrogen r_,an iy R IS

hymr'ﬂgmﬂmi Ofé Eﬂﬁd’r”' %939&!&81%&{3&&5?' yﬂﬁt 08;
c{mg%:ﬁ)uri (CAT) iz, gro&p\dnd:ﬁﬁdﬂé iefajrermdrary * &

Y ion states of the netals; and contacting the
pr"@éﬂ?%‘B‘FY'con'pounds to forma netal oxide |layer on the
substrate using a vapor deposition process, wherein
t t mr:bse.rﬂz;wmﬁase Tio2 33. A
ngﬁhﬁe%h ?ﬁ%%ﬁgﬁéﬂ%f‘gl oxi de | ayer on a substrate,
the nethod conprising. 30 AMENDED SHEET 28 February

20Q7 P RNHARF 8m a3 Ghkad ¢ B9 3.provi di ng at | east one
al coﬁ'h of the formula R(O4), wherein Ris an organic

group and r is 1 to.3; providing at ]eas ne ...
medoa A meiilaf fobmig aynatd mxéﬁiﬁ%@rﬁﬁgﬁﬁﬁe hid "%'cﬁsi‘“‘i)?%}’rr‘rsu"i‘ga |
M (NRFE’O Ngggg doated FOrmul @ 1), MR Q (Formula 11), or
LeWI > Proi%mg a léjagttor?e acl)cfohol uP tilgycl'n%ll l IE(DHWEIQ*\ R s an organic

group andris1to3;
' providing at Jeast one metel-containing precursor compound of the formula.

MNRYMNR*RY), (Formula 1), MR®, (Formulza IT), o1 Lewis Base adducts of
Formula II, wherein:
B M! and M? are each mdzpendenﬂy a metal;
R!, R? and R? are each independently hydrogen or an ofganic group;
" R*is hydrogep or &n organic mojety;
wis0tod;
zis 1toB;
gis 1to5; and

w, z, and q are dependent on the oxidation states of the metals; and

contacting the precursor compounds to form & metal oxide leyer on the

substrate using & vapor deposition process, wherein the mefal oxide Jayer comprises

anatase TiO,-
33, A method of forming a metal oxide Jayer on 2 substrate, the methed comprising:

30

AMENDED SHEET




M and M2 are each independently a netal; R2, ﬂ?ﬁtﬁ%&y2007
are each independently hydrogen or an organic grou

- Ris hydrogen or an organic noiety; wis(o4; z is I

tog; gis Ito 5;md w z, and q are dependent on the
oxi dation states of the netals; vaporizing the
precursor conpounds to form vaporized precursor

" conmpounds; and directing the vaporized precursor

conmpounds to the substrate to forma netal oxide

| ayer on the substrate, wherein the netal oxide |ayer
conprises two or nore different nmetals. 34. The

nmet hod of claim 33 wherein vaporizing and directing
the precursor conpounds is acconplished using a

‘chem gadvidePetbss@@Osi tion process. 35. The nmethod of

clai m_33. uh Eiﬁaspon\égg&{a FiRGorANE REGH)SaHeieh(R b breorganic

pr ecurgidn oun I's acconplished using an atomc

qumpmﬂepﬁbpﬁaon process conprising a plurali of
deposi b GGy fehsPne mdfl-cobtziiing; prochrof comperpf] SEBEP mﬂéﬂ

g\relgor , v??gi\llzlﬁ ce st ru&l@ﬁﬁh@é’%aﬁ??’ RO s -

ing a“first electrode
t harRa, wheeii di ng at | east one al cohol of the formula

R(OH), meﬁgj@@‘ﬁﬁg@“ﬁ&%ﬂﬁm&aow and r is 1to 3
gﬁe %NFQPF&N.NMRWM%@%OO EVI 3 n&ﬁﬁgr mul a

“pro M (NRgj; @W;rmeaaﬁm;ay,l), M Ra9 ( Fornul aE),

or Lewi s Base adducts of Formula Il, wherein: M and
M -are eacly¥fi endently anetal; R, R, R3, and R
are each inpdepesgdent|y hydrogen or an organic ,group;

wi sOt 04, z N fmlstaonds

W, Z, and q are dependest on the oxidation states of the metals;
vaporizing the precursor compounds to form vaporized precursor
' compounds; and

directing the vaporized precucsor compounds fo the substrate to form a
comprises {wo or more

metal

- oxide Jayer on the substrate, wherein the metal oxide layer
different metals.

34. The method of claim 33 whercin vaporizing and directing the precursor
compounds is accomplished using a chemical vapox deposition process.

35. The method of claim 33 wherein vaporizing and directing the precursor
* compounds is accomnplished usipg an atowmic Jayer deposition process COmpRSing a

plurality of deposition cycles.

36. A method of manufacturing a memory device structure, the method comprising:
providing a substrate having & first electrode thexeon;
providing at least one alcohol of the formula R(OH), wherein R is an organic

groupandris1te 3;
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qisito5; and w, z, and gq are dependent on t
oxi dation states of the netals; vaporizing thagFebruary2007
precur sor conpounds to form vaporized precursor
conmpounds; directing the vaporized precursor conpounds
to the substrate to forma nmetal oxide dielectric
| ayer--on the for el ectrode of the substrate; and
form ng a second el ectrode on the dielectric |ayer.
37. The nethod of claim36 wherein vaporizing and
directing the precursor conpounds is acconplished-:
using a chem cal vapor deposition process. 38. The
nmet hod of claim 36 wherein vaporizing and directing
the precursor conpounds is acconpli sheg usi ng an
at oM Cpréviisyat Bapos mm@tpmﬁg%ﬁebﬁ?ﬁr’?‘% 4"
i trpn HEB), ordJwis Hae aﬂdﬁtzthofd of
B&k‘ﬂ#&@“‘mﬁ (Etﬁ:ﬁ&?ﬂ MR Moxrﬁ)de di el ectric | ayer
cd’npmlﬂslésrh‘c‘me or nore different netals. 40. The
net hod of & AldE3Q cwheddejendshiye i or nore different
nmetals are he dr 2 Qbpdiie ONS, or
nanol am naFeg E dgT%&QCREW%JJL&%@Cﬁyg?%% V\hgglfruel n the
dp; OXxi de di eI ectric layer conprises one 32
AMENDED SH%%STO%Q February 2007 or nore of ZrQ2, H 02,
Ta203, Al2 , and an oxi de of a | anthanide. 42.
A vapor dep@s}rt{ﬂﬁvon apparatus conprising: a vapor
deposi tion 9&1&9’9%:1 having a substrate positioned
t herei n; one or el o it NOr e
al cohol s of* Ffil8 ?%?%ﬁ‘?“gm&(“(ﬁﬁ&%esr&eeg% Ri é@san
or gani eap@immhmﬂmorpmwuqdbtﬂﬂfﬂwﬁww BB r e vessel s
{:EﬁJEISI |19 one or nore precursor conpounds of the

"M (NR ) W NR2R3) . (For l{]%shb%mf&m:u%%a I

or L ewidizecBrathe wpRIgePECLIRy © ereln
pr 8§ .ﬁ&uﬁwa'amdﬁxsmmmsmam avbre di fferent

met a wher e each i ndependently
e s depperey B G o,

a met aI ‘mw re”each”I'ndependent |y
hydr ogen or an organic group; R4 is hydrogen or an

of 9’? nf‘h% m%bc%ﬁé]amw et wyaporizing and directing the precursor

compounds is accomplished using & chemical vapor deposition process.

38. The method of claim 36 wherein vaporizing and directing the precursor
* componnds is accomplished using an atomic layer deposition process comprising a

pluxality of deposition cycles.

30, The method of claim 36 wherein the meta! oxide diclectric Jayer comprises two

or more different metals.

40. The method of claim 32 wherein the two Or more different metuls are in the
form of alloys, solid solutions, or nenclaminates.

41. The method of claim 36 wherein the metal oxide dielectric layer comprises one
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z islto8; gis | to 5; and w, z, and g are dep nt
on the oxidation states of the metal s- 43. TheSQ‘E%bmaW2007

apparatus of claim42 wherein the substrate is a
silicon wafer. 44. The apparatus of -claim42 Prather
conpri-sing one or nore sources of an inert caner gas
for transferring the precursors to the vapor
deposition chanber. 33 AMENDED SHEET

or more of Zr0;, HfO,, Ta;0;, ALO;, Ti0;, and an oxide of a lanthanide.

42. A vapor deposition apparatus comprising:
& vapor deposition chamber having a substrate positioned therein;
one or more vessels comprising one or moxe alcohols of the formula R(OH),
wherein R is an organic group andris 110 3; and
| one or more vessels comprising one of More precursor compounds of the
' formata MINRY), QNRPR?), (Formula ), M?R?, (Formuls I0), or Lewis Base adducts
of Formula I, wherein the precursor compounds comprise IWG Of MOre different
metals, and whersin:
M* and M? are each independently a metal;
RL R®, and R® are each independently hydrogen or 20 Organic gronp;
R* is hydrogen or an Organic moiety;
wisOto4;
zis1to 3,
gis1to5; and
w, z, and g are dependent on the oxidation stares of the metals.

43, The apparatus of claim 42 wherein the substrate is a silicon wafer.

44, The apparstus of claim 42 further comprising one of IMore Sources of an inert
' canier gas for iransferring the precursors to the vapor deposition chamber.
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